The iap gene in Escherichia coli is responsible for the isozyme conversion of alkaline phosphatase. We analyzed the 1,664-nucleotide sequence of a chromosomal DNA segment that contained the iap gene and its flanking regions. The predicted iap product contained 345 amino acids with an estimated molecular weight of 37,919. The 24-amino-acid sequence at the amino terminus showed features characteristic of a signal peptide. Two proteins of different sizes were identified by the maxicell method, one corresponding to the lap protein and the other corresponding to the processed product without the signal peptide. Neither the isozyme-converting activity nor labeled Iap proteins were detected in the osmotic-shock fluid of cells carrying a multicopy iap plasmid. The Iap protein seems to be associated with the membrane.
The iap gene in Escherichia coli is responsible for the isozyme conversion of alkaline phosphatase. We analyzed the 1,664-nucleotide sequence of a chromosomal DNA segment that contained the iap gene and its flanking regions. The predicted iap product contained 345 amino acids with an estimated molecular weight of 37,919. The 24-amino-acid sequence at the amino terminus showed features characteristic of a signal peptide. Two proteins of different sizes were identified by the maxicell method, one corresponding to the lap protein and the other corresponding to the processed product without the signal peptide. Neither the isozyme-converting activity nor labeled Iap proteins were detected in the osmotic-shock fluid of cells carrying a multicopy iap plasmid. The Iap protein seems to be associated with the membrane.
Three isozymes of alkaline phosphatase from Escherichia coli have been identified as the prevalent species by polyacrylamide or starch gel electrophoresis when the enzyme is extracted from cells grown in Tris-glucose medium containing Casamino Acids or arginine (17, 20, 25) . Based on the differences in the molecular structure of the three isozymes, it was suggested (6, 26) that isozyme formation is a post translational event, and that the amino-terminal arginine residues of the two polypeptides constituting isozyme 1 are removed proteolytically one by one, resulting in the production of isozymes 2 and 3. The conversion of these isozymes is mediated (presumably catalyzed) by the iap gene product (13, 14, 16, 17 ; for a review, see reference 15). Thus, the iap gene probably codes for a proteolytic enzyme, some kind of aminopeptidase.
We analyzed the nucleotide sequence of the iap gene to identify the primary structure of the putative protease and identified the protein encoded by the gene.
MATERIALS AND METHODS
Bacterial strains and the plasmids. The E. coli strains used were AN234 (HfrC phoT9 iap-1) (17) to select the iap+ plasmids, FE15 (F-thr leu phoA thi rpsL) (16) to prepare cell extracts used for isozyme conversions, JM103 [W(prolac) supE thi/F' traD36 proAB lacIq AlacZMJ5] (12) as a host for bacteriophage M13, and CSR603 (recAl uvrA phr-1) as a host for labeling the plasmid-coded proteins by the maxicell method (22) .
Plasmid pSN143, which contains the iap gene of E. coli, was described by Nakata et al. (13) . Plasmid vectors pUC8 and pUC9 and the bacteriophage M13mpl9 were purchased from Pharmacia Biotechnology, Tokyo.
Media. The media used for the routine preparation of M13 phage and for the maxicell method were as previously described (1) .
DNA manipulation. Plasmid and phage M13 replicativeform DNA were prepared by the method of Birnboim and Doly (2) . Restriction endonuclease digestion, agarose, and polyacrylamide gel electrophoresis, in vitro ligation of DNA * Corresponding author. fragments with phage T4 DNA ligase, transformation, and transfection were done as described elsewhere (8, 9) .
Nucleotide sequencing. The M13 phage was manipulated as described by Messing et al. (12) . The 1.7-kilobase EcoRIAvaI fragment containing the iap gene on pSN143 (13) was sequenced by the overlapping deletion method (5) as modified previously (1) with the dideoxy-nucleotide chain-termination method (23, 24) after cloning first into plasmid pUC9 in both orientations and then into M13mpl9.
Enzymes and radioisotopes. The restriction endonucleases, T4 DNA ligase, T4 DNA polymerase, HindIII linker fragments, and an M13 nucleotide sequencing kit including DNA polymerase (Klenow fragment) were obtained from Takara Shuzo Co., Ltd., Kyoto, Japan. All enzymes were used as directed by the supplier. [a-32P]dCTP and [35S]methionine were purchased from Amersham Japan, Tokyo.
Identification of the proteins encoded by plasmids. The iap gene product was identified by the maxicell method (22) . CSR603 cells containing plasmids were irradiated with UV light and incubated overnight in the presence of cycloserine (200 pug/ml). The cells were labeled with [35S]methionine for 120 min after they had been starved of amino acids for 120 min. Proteins in the cell lysates were separated by electrophoresis on a 11.7% sodium dodecyl sulfate-polyacrylamide gel and visualized by fluorography.
Other methods. The procedure for the cold osmotic shock treatment of cells was as described previously (11) . The isozyme conversion by cell extracts was done as described before (16 (Fig. 1) . This open reading frame can code for a protein of 345 amino acids with a molecular weight of 37,919.
To check the coding region of iap, we constructed a plasmid containing a minimum coding region of the iap gene. We selected six phage clones used for DNA sequencing. They contained deletions extending to or across the 5' or 3' end of the putative coding region as shown in Fig. 1, and we reconstructed the plasmids with deletions in both the 5' and 3' ends of the chromosomal DNA fragment. The reconstructed plasmids were introduced into an Iap-strain. Only two clones that contained the 5'-end fragment derived from the no. 5 clone and the 3'-end fragment derived either from the no. 9 clone (pIN9509) or the no. 12 clone (pIN9512) transformed the iap mutant to Iap'. The 5' end of the coding region was located between nucleotides 273 and 333, and the 3' end was between nucleotides 1338 and 1412. The complementation tests agreed well with the predicted coding region of the iap gene as shown in Fig. 1 .
The putative ribosome-binding site, AAGGA, is six nucleotides before the translational initiation codon, ATG (3, 7, 27) .
Isozyme conversion by cell extracts. Isozyme conversion should occur in the periplasmic space where alkaline phosphatase is localized. Since the predicted amino-terminal 24 amino acid residues of the lap protein had features characteristic of a signal peptide, experiments were done to determine the localization of the iap gene product. This was done in strain FE15 bacteria that contained the pIN9512 plasmid. Isozyme-converting activity was detectable in sonicated extracts prepared from whole cells or osmotically shocked cells of strain FE15 with the plasmid (Fig. 2, lanes 2 and 4) . Since no activity was detectable in the shocked fluid (Fig. 2,  lane 3) , the lap protein is probably not found in the periplasm.
Identification of the iap gene product. To identify the iap Fig. 1 ) with deletions at the 5'-end region were recloned into pUC8, giving pIN8005 and pIN8017, and those of the clones (nos. 12 and 25, Fig. 1 ) with deletions at the 3' end were recloned into pUC9, giving pIN9012 and pIN9025. a and b, iap gene product and its presumptive processed product, respectively; c and d, precursor of ,B-lactamase and ,Blactamase, respectively. gene product, the plasmid-encoded proteins were labeled with [35S]methionine by the maxicell method. Two proteins with approximate molecular weights of 38,000 and 41,000 were observed in the maxicells carrying the iap+ plasmids (Fig. 3, lanes 2 and 7) . These proteins were not detected in the cells carrying the iap plasmid (Fig. 3, lanes 1, 4, RIl of glycerol containing phenol red (1%) was added to each sample.
A 20-,u sample was electrophoresed on a 7.5% polyacrylamide gel. The gel was stained with a mixture of naphthol-AS-MX-phosphate and Fast Blue RR salt (Sigma Chemical Co., St. Louis, Mo.) (10) . Lanes contained isozyme 1 with the following: 1, without cell extract (control); 2, with the supernatant of low-speed centrifugation (8,000 x g, 15 min) of sonicated whole cells; 3, with the supernatant of low-speed centrifugation of osmotically shocked cells (11) with nonlabeled FE15 cells carrying the same plasmid and then treated by cold osmotic shock. After centrifugation at low speed, the supernatant and cell pellets obtained were treated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and fluorography. Lanes: 1, total cell fraction; 2, osmotic shock fluid; 3, cell fraction after osmotic shock treatment. a and b, iap gene product and its presumptive processed product, respectively; c and d, precursor of P-lactamase and P-lactamase, respectively. Although the 38-kilodalton protein was detected in the cells carrying the iap+ plasmid with a deletion in either the 5' or 3' end noncoding region, the 41-kilodalton protein was barely detected in the cells in Fig. 3, lanes 3 and 6. The amounts of the 38-kilodalton protein were also lower in these cells than in the ones in lanes 2 and 7. The 41-and 38-kilodalton proteins are probably the nascent lap protein and its processed product, respectively, since both were detected only in cells carrying the iap+ gene and since their sizes corresponded roughly to the iap gene product and the processed product, respectively, predicted from the DNA sequence.
To examine whether the processed Iap protein was secreted into the periplasm, we fractionated the maxicells that had been treated by osmotic shock into a supernatant and pellet fraction. Neither the 41-kilodalton protein nor the 38-kilodalton protein was detected in the periplasmic fraction (Fig. 4, lane 2) ; both were found in the pellet fraction (lane 3). In this experiment, the ,B-lactamase precursor and its processed product served as the internal controls. The processed product but not the precursor was detected in the periplasmic fraction (lane 2); the precursor was found in the pellet fraction (lane 3). Therefore, it is likely that both the lap protein and its processed product are in the membrane fraction. DISCUSSION iap gene product. The lap protein deduced from the DNA sequence contains a sequence that is characteristic of a signal peptide in which positively charged amino acids are followed by 10 to 15 consecutive hydrophobic amino acids and which is terminated with Val-X-Ala (19) . It would be consistent with this structural feature if the Iap protein were a secreted protein. Also, the maxicell experiments suggested that it was synthesized as a larger precursor and then processed proteolytically. However, neither the precursor nor the processed product was found in the periplasmic fraction. Therefore, the mature lap protein is probably associated with either the inner or the outer membrane. The results shown in Fig. 2 suggested that the conversion activity was not in the periplasm but was probably associated with membranes. It is possible that the lap protein is the conversion enzyme itself. Alternatively, it could be an activator of the enzyme or a component of the enzyme.
Structural features of the noncoding regions. Several candidates as the promoter of iap were found in the upstream region of the gene. Among them, either TTGAaA at nucleotide 257 for the -35 sequence in combination with TtTcAT for the -10 sequence at nucleotide 283 or TTaACg at nucleotide 182 for the -35 sequence with TAatAT at nucleotide 208 for the -10 sequence may be the promoter for iap (3, 4, 21) .
A translational termination codon, TGA, was found at both nucleotide 1367 and nucleotide 1376, in the same reading frame. With nine nucleotides spacing from the second terminator codon, a nucleotide sequence with a transcript that may form a stable stem-and-loop structure was found. Transcription may end at this region.
An unusual structure was found in the 3'-end flanking region of iap (Fig. 5) . Five highly homologous sequences of 29 nucleotides were arranged as direct repeats with 32 nucleotides as spacing. The first sequence was included in the putative transcriptional termination site and had less homology than the others. Well-conserved nucleotide sequences containing a dyad symmetry, named REP sequences, have been found in E. coli and Salmonella typhimurium (28) and may act to stabilize mRNA (18) . A dyad symmetry with 14 nucleotide pairs was also found in the middle of these sequences (underlining, Fig. 5 ), but no homology was found between these sequences and the REP sequence. So far, no sequence homologous to these has been found elsewhere in procaryotes, and the biological significance of these sequences is not known.
